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1

MONOCLONAL ANTIBODY SPECIFICALLY
RECOGNIZING ASPARAGINE SYNTHETASE

TECHNICAL FIELD

The present invention relates to a monoclonal antibody
specifically recognizing asparagine synthetase, and a reagent
for measuring asparagine synthetase and a method {for
measuring asparagine synthetase, both of which use the
alorementioned antibody.

BACKGROUND ART

Asparagine synthetase (ASNS) catalyzes the biosynthesis
of L-asparagine from L-aspartate 1n an ATP-dependent reac-
tion for which L-glutamine 1s used as a nitrogen source in
vivo [Non Patent Literature 1]. Accordingly, L-asparagine 1s
not an essential amino acid that must be obtaimned from
outside of the body. If the supply of L-asparagine 1is
decreased 1n normal cells, 1t can be compensated by the
synthesis of L-asparagine. However, 1n the case of lympho-
blasts, since the activity of ASNS 1s not suflicient therein,
[-asparagine must be obtained from outside [Non Patent
Literature 2]. L-asparaginase (ASNase) 1s an enzyme that
hydrolyzes L-asparagine into L-aspartate and ammomnia
[Non Patent Literature 3], and 1t 1s an important drug for the
treatment of many cases of acute lymphatic leukemia (ALL).
Admuinistration of ASNase causes depletion of L-asparagine
in blood, spinal fluid and bone marrow, and it also causes
depletion of L-asparagine in cells. Lymphoblast cells with
an extremely low ASNS level are susceptible to cell death.
In an 1n-vivo system, the exposure of lymphoblast cells to
ASNase terminated the G1 phase and caused apoptosis [Non
Patent Literature 4]. It has been demonstrated that overex-
pression of human ASNS 1s suflicient for inducing ASNase
resistance [Non Patent Literature 5]. The relationship
between the expression level of ASNS and sensitivity to
ASNase has been observed not only 1n leukemia cells, but
also 1 ovarian cancer cells [Non Patent Literatures 6 and 7].
These findings suggest the importance of the monitoring of
ASNS activity as a diagnostic marker for determining treat-
ment with ASNase. Although the relationship between
ASNase resistance and the expression level of ASNS mRNA
has been widely reported [Non Patent Literature 8], there
have been a few number of studies 1n which the amount of
ASNS protein 1n human leukemia has been determined [Non
Patent Literatures 9-13]. Such a few numbers of reports
include a report stating the importance of ASNS protein
measurement for the estimation of sensitivity to ASNase
[Non Patent Literature 13].

A baculovirus expression system using the isect cell line
S19 as a host has been used for large scale production of
protein. In particular, many researchers including ourselves
have demonstrated that a fusion protein with a membrane
protein or a virus gp64 protein can be displayed not only on
a S19 cell, but also on a budded baculovirus (BV) particle.
Accordingly, an exogenous protein displayed on BV can be
used for immunization, without purification of an antigenic
protein [Non Patent Literatures 14, 15, and 16].
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SUMMARY OF INVENTION

Problem to be Solved by the Invention

As described above, L-asparaginase (ASNase) 1s impor-
tant for the treatment of infantile acute lymphocytic leuke-
mia (ALL). It has been reported that sensitivity to ASNase
1s related to the protein amount of asparagine synthetase
(ASNS) contained in the ALL cell line. However, since a
monoclonal antibody suitable for quantitative analysis has
not yet been found, there have been only a few reports
regarding the amount of an ASNS protein. It 1s an object of
the present invention to provide a monoclonal antibody,
which 1s suitable for the quantitative analysis of asparagine
synthetase 1n a cell.
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Means for Solving the Problem

As a result of intensive studies directed towards achieving
the aforementioned object, the present inventors have suc-
ceeded 1n producing a monoclonal antibody specifically
recognizing asparagine synthetase, which can be applied to
flow cytometry or enzyme-linked immunosorbent assay
(ELISA). According to this monoclonal antibody, 1t becomes
possible to quantily the amount of an ASNS protein 1n a
leukemia cell and to predict ASNase resistance. The present
invention has been completed based on these findings.

Thus, the present invention provides the following mnven-
tion.

(1) A monoclonal antibody which specifically recognizes
asparagine synthetase that 1s present 1 a cell.

(2) The monoclonal antibody according to (1), which rec-
ognmzes the amino acid sequence at the N-terminus of
asparagine synthetase.

(3) A monoclonal antibody which 1s produced by a

hybridoma having Accession No. NITE BP-1141 or
Accession No. NITE BP-1142.

(4) A hybridoma having Accession No. NITE BP-1141 or
Accession No. NITE BP-1142.

(5) A reagent for measuring asparagine synthetase present in
a cell, which comprises the monoclonal antibody accord-
ing to any one of (1) to (3).

(6) A method for measuring asparagine synthetase present in
a cell, which comprises a step of allowing the monoclonal
antibody according to any one of (1) to (3) to come 1nto
contact with a cell containing asparagine synthetase.

(7) The method according to (6), which measures asparagine
synthetase present 1n a leukemia cell or an ovarian cancer
cell.

(8) A method for evaluating the sensitivity of leukemia or
ovarian cancer to L-asparaginase, which comprises mea-
suring asparagine synthetase by the method according to
(6) or (7) and then evaluating the sensitivity of leukemia
or ovarian cancer to L-asparaginase based on the mea-
surement results.

Advantageous Effects of Invention

In the present mnvention, we have succeeded 1n producing,
a monoclonal antibody specifically recognizing asparagine
synthetase that i1s present in a cell, using a baculovirus
display system. The monoclonal antibody of the present
invention can recognize human asparagine synthetase in
Western blotting, immunotluorescent staining, flow cytom-
etry, and enzyme-linked immunosorbent assay (ELISA).
Using the monoclonal antibody of the present invention, i1t
1s possible to quantlfy the amount of an asparagine syn-
thetase protein 1n a leukemia cell and to clinically evaluate
the sensitivity of leukemia to ASNase.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows Western blotting in which the produced
monoclonal antibody was used. (A) Confirmation of the
expression of an N-AS fusion protein. The anti-gp64 mono-
clonal antibody K7124 was used at a concentration of 1, 0.3,
or 0.1 ug/ml. The arrow indicates the band of the N-AS
fusion gp64. The upper panel indicates N-AS-BV, and the
lower panel indicates wild-type BV. (B) Reactivity with the
N-AS fusion protein. Control mouse IgG and anti-ASNS
monoclonal antibodies Z5801 and Z5808 were used at a
concentration of 1, 0.3, or 0.1 ug/ml. The upper panel
indicates N-AS-BV, and the lower panel indicates wild-type
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BV. (C) Reactivity with HA-ASNS-overexpressing COS7
cell lysate. Protein in a lysate of 10% cells per lane was
separated by SDS-PAGE. (+): Lane on which a HA-ASNS-

transtected cell lysate was loaded, and (-): Lane on which
a non-transiected cell lysate was loaded. As primary anti-
bodies, control mouse IgG, an anti-HA monoclonal antibody
(S1igma), and anti1-ASNS monoclonal antibodies 25801 and
/5808 were used at a concentration of 1 ng/ml. (D) Reac-
tivity with endogenous ASNS. Protein in a lysate of 10° cells
per lane was separated by SDS-PAGE. As a primary anti-
body, the antibody Z5808 was used at a concentration of 1
ug/ml. The arrow 1ndicates the band of endogenous ASNS.

FIG. 2 shows the immunofluorescent staining of HA-
ASNS-overexpressing COS’/ cells. As a primary antibody, a

rabbit anti-HA polyclonal antibody (Sigma) was mixed with
a mouse anti-ASNS monoclonal antibody (Z3801 or Z5808)
to result 1n each concentration of 10 ug/ml, and the obtained
mixture was then reacted with the cells. The green color
indicates the expression of HA-ASNS with the use of the
fluorescence of Alexa fluor 488. The red color indicates the
reactivity of the anti-ASNS antibody with HA-ASNS with
the use of the fluorescence of Alexa fluor 64°7. The blue color
indicates a cell nucleus stained with DAPI.

FIG. 3 shows application of an anti-ASNS monoclonal
antibody to flow cytometry. (A) The analysis of HA-ASNS-
transtected COS7 cells by tlow cytometry. The filled histo-
gram shows HA-ASNS-transfected COS7 cells, and the
open histogram shows non-transiected COS7 cells. As pri-
mary antibodies, control mouse Ig(G, an anti-HA monoclonal
antibody (Sigma), and anti-ASNS monoclonal antibodies
Z.5801 and Z3808 were used at a concentration of 3 ug/ml.
The arrow indicates HA-ASNS-expressing COS7 cells on
the shifted histogram. (B) The analysis of endogenous ASNS
by flow cytometry. The filled histogram shows the cells with
which the primary antibody was allowed to react, and the
open histogram shows the cells with which only a secondary
antibody was allowed to react. The primary antibody was
used at a concentration of 3 pg/ml.

FIG. 4 shows the quantification of ASNS proteins 1n K562
cells. (A) The histogram of QIFIKIT (registered trademark)
calibration beads. Each of six types of beads had the
tollowing antibody binding capacity (ABC): A; 0, B; 1,800,
C; 12,000, D; 53,000, E; 185,000, and F; 530,000. (B) A
calibration curve showing the MFI (Mean Fluorescence
Intensity) of four types of calibration beads (B to E) to ABC
on a log-log scale. (C) Construction of ASNS measurement
sandwich ELISA. The filled circle indicates reactivity with
a K562 cell extract, and the open circle indicates reactivity
with a dilution series of MOLT-4 cells. Data are shown as
mean values from dual measurement. (D) A calibration
curve shown with any given ASNS concentration and the
absorbance at 450 nm. The detection limit of the ASNS
concentration 1s 11.3 fmol/ml, when A450 1s 0.23.

FIG. 5 shows the results of the flow cytometry of MOLT-4

and K562, and 4 MFI difference.

FIG. 6 shows the results of the flow cytometry of Case 1
at a blast percentage of 34.5%.

FIG. 7 shows the results of the flow cytometry of Case 1
(blast percentage: 34.5%) and Case 2 (blast percentage:
24.5%).

FIG. 8 shows the results of the flow cytometry of Case 3
(bone marrow fluid and peripheral blood).

FIG. 9 shows the results of the flow cytometry of Case 4
(AML case).

FIG. 10 shows the results of the flow cytometry of Case
6 and Case 7 (ALL cases).
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FIG. 11 shows the results of the MTT assay of the cell
lines of 3 cases (Case 5, Case 6, and Case 7).

EMBODIMENTS FOR CARRYING OUT TH.
INVENTION

L1

Hereinafiter, the present mnvention will be described more
in detail.

The antibody of the present mvention 1s a monoclonal
antibody specifically recognizing asparagine synthetase that
1s present 1n a cell, and 1s preferably a monoclonal antibody
recognizing the amino acid sequence at the N-terminus of
asparagine synthetase. In the Examples of the present inven-
tion, a general immunization method applied as a common
method was not used as a method of obtaining an antibody.
Instead, a method of immunizing gp64-expressing trans-
genic mice with an antigen 1n which an N-terminal fragment
of ASNS was displayed on budded baculovirus (BV antigen)
was adopted. That 1s to say, a preferred example of a method
ol obtaining the monoclonal antibody of the present inven-
tion may be a method of obtaining the monoclonal antibody
of the present invention, which comprises recovering N-ter-
minal ASNS displaying budded baculovirus from a culture
supernatant of host cells that has been infected with recom-
binant baculovirus comprising the cDNA of the N-terminal
fragment of ASNS, and then immunizing an animal to be
immunized with the recovered N-terminal ASNS displaying
budded baculovirus used as an antigen. The animal to be
immunized 1s preferably a transgenic mouse that overex-
presses gp64.

As described above, in the present invention, budded
baculovirus that displays ASNS or a fragment thereof, which
1s recovered from a culture supernatant of host cells infected
with recombinant baculovirus comprising the cDNA of the
ASNS or the fragment thereof (e.g. an N-terminal fragment,
etc.), 15 used as an antigen. A method of preparing the
budded baculovirus used as an antigen 1s known. Such
budded baculovirus can be prepared according to the meth-
ods described, for example, in JP Patent Publication (Kokai)
No. 2001-333773 A, JP Patent Publication (Kokai) No.
2003-52370 A, Loisel T P, Ansanay H, St-Onge S, Gay B,
Boulanger P, Strosberg A D, Marullo S, Bouvier M., Nat
Biotechnol. 1997 November; 15(12): 1300-4., Recovery of
homogeneous and functional beta 2-adrenergic receptors
from extracellular baculovirus particles; and International
Publication WQO98/46777.

Specifically, at least one type of recombinant baculovirus
comprising the cDNA of ASNS or a fragment thereotf (e.g.
an N-terminal fragment, etc.) 1s used. Baculovirus, which
transmits to insects and develops disease therein, is an
envelope virus having cyclic double-stranded DNA as a
gene. This virus shows sensitivity to mnsects belonging to
Lepidoptera, Hymenoptera, Diptera, etc. Examples of the
baculovirus used as a vector in the present invention include
viruses such as Autographa californica NPV (AcNPV) of a
gamma moth subfamily of NPV and Bombyx mori NPV
(BmNPV) of a silk worm. An example of host cells (infected
and subcultured cells) of AcNPV 1s Spodoptera frugiperda
cells (ST cells). An example of host cells (infected and
subcultured cells) of BmNPV 1s BmN4 cells. The St cells
have a growth rate higher than that of the BmIN4 cells. In
addition, AcCNPV has an ability to also transmit to human
liver cells and human embryonic kidney cells. Thus, an
AcNPV vector 1s preferable. As a host, Spodoptera Fru-
giperda cell lines S19 and S121 have been established from
the ovarian tissues of S. frugiperda larva. The cell lines are
available from several manufacturers such as Invitrogen or
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Pharmingen (San Diego, Calif.), or are also available from
ATCC. Otherwise, 1t 1s also possible to use a living nsect
larva as a host cell line.

A recombinant virus used 1n the present invention may be
constructed according to a common method. A recombinant
virus can be constructed by the following procedures, for
example. First, a gene of protein to be expressed 1s mserted
into a transfer vector, so as to construct a recombinant
transier vector. The total size of a transier vector 1s generally
between approximately several kb to 10 kb. Approximately
3 kb out of the size 1s a skeleton dertved from a plasmid, and
it comprises an antibiotic resistance gene that 1s resistance to
antibiotics such as ampicillin and an nitiation signal 1n
bacteria DNA replication. A common transfer vector com-
prises the 5'- and 3'-regions of a polyhedron gene (several kb
for each), as well as the atlorementioned skeleton. A homolo-
gous recombination occurs 1n these sequences between a
gene of interest and the polyhedron gene, when transiection
as described below 1s carried out. Moreover, such a transfer
vector preferably comprises a promoter for expression of a
protein gene. Examples of such a promoter include a poly-
hedron gene promoter, a pl0 gene promoter, and a capsid

gene promoter. The type of such a transfer vector 1s not
particularly limited. Specific examples of such a transfer
vector include: AcNPV transter vectors such as pEVmXIV2,
pAcSG1, pVL1392/1393, pAcMP2/3, pAcJP1, pAcUW?21,
pAcDZ1, pBlueBaclll, pAcUWS31, pAcAB3, pAc360,
pBlueBacHis, pVT-Bac33, pAcUWI1, or pAcUW42/43; and
BmNPYV transfer vectors such as pBK283, pBKS5, pBB30,
pBE1, pBE2, pBK3, bPK52, pKBblue, pBKblue2, or pBF
series (which are available from Funakoshi Corporation,
etc.).

Subsequently, 1n order to produce a recombinant virus, the
alforementioned recombinant transfer vector 1s mixed with a
virus, and the mixture 1s then introduced into a cultured cell
used as a host. Otherwise, the aftorementioned transter
vector 1s introduced into a cultured cell used as a host, which
has previously been infected with a virus. Thus, a homolo-
gous recombination 1s allowed to occur between the recom-
binant transier vector and the virus genomic DNA, so as to
construct a recombinant virus. Examples of the cultured cell
used as a host herein include the atorementioned hosts. In
general, the cultured 1nsect cells (S19 cells, BmN cells, etc.)
can be used. Culture conditions are selected by a person
skilled 1n the art, as appropriate. Specifically, when S19 cells
are used, 1t 1s preferable to carry out the culture around 28°
C. 1n a medium that contains 10% fetal bovine serum. The
thus constructed recombinant virus can be purified by a
common method such as plaque assay. In the thus produced
recombinant virus, foreign DNA 1s substituted with or
inserted into the gene region of the polyhedron protein of a
nuclear polyhedrosis virus, and thus a polyhedron cannot be
formed. Accordingly, such a recombinant virus 1s easily
distinguishable from a non-recombinant virus.

In the method of the present invention, the aforemen-
tioned suitable host (the cultured cells of Spodoptera fru-
giperda cell lines S19 and S121, nsect larva, etc.) 1s infected
with the aforementioned recombinant baculovirus. After a
certain pertod of time has passed (72 hours later, for
example), an extracellular budded virus (BV) can be recov-
ered from the culture supernatant by a separation operation
such as centrifugation. Such an extracellular budded bacu-
lovirus can be recovered, for example, as follows. First, the
culture of the infected cells 1s centrifuged at 500 to 3,000 g,
SO as to recover a supernatant contaiming an extracellular
budded baculovirus. Thereafter, the supernatant 1s centri-
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fuged at approximately 30,000 to 50,000 g, so as to obtain
a precipitate that contains the extracellular budded baculo-
VIrus.

The type of the antibody of the present invention 1s not
particularly limited. For example, a mouse antibody, a rat
antibody, a rabbit antibody, a sheep antibody, a camel
antibody, a chimeric antibody, a humamzed antibody, a
human antibody or the like can be used, as appropniate. The
antibody 1s a monoclonal antibody. Such a monoclonal
antibody can be produced by a method well known to a
person skilled i the art. A hybridoma that produces a
monoclonal antibody can be produced as follows, basically
using a known technique. That 1s, a desired antigen or a cell
expressing such a desired antigen 1s used as a sensitizing
antigen, and 1t 1s subjected to immunization according to an
ordinary immunization method. The obtained immunocyte
1s Tused with a known parent cell according to an ordinary
cell fusion method, and a monoclonal antibody-producing
cell (hybridoma) 1s then screened according to an ordinary
screening method, so as to obtain a desired hybridoma. The
animal to be immunized can be a mammal such as a mouse,
a rat, a rabbit, sheep or a monkey.

A hybridoma can be produced, for example, according to
the method of Milstein et al. (Galire et al., Preparation of
Monoclonal Antibodies: Strategies and Procedures, Meth-
ods 1n Enzymology (1981) 73: 3-46).

Regarding the screening for a hybridoma, a hybridoma
cell, which produces an ASNS-recognizing antibody, can be
selected using a method well known 1n the present technical
field, such as ELISA assay, Western blotting analysis,
radioimmunoassay, or FACS using ASNS-expressing cells.
A hybridoma secreting a desired antibody 1s cloned, and the
cloned hybridomas are then cultured under suitable condi-
tions. The secreted antibody 1s recovered, and can be then
purified by a method well known 1n the present technical
field, such as 1on exchange chromatography, aflinity chro-
matography, efc.

DNA encoding the monoclonal antibody can be easily
isolated according to a commonly used method (for
example, using an oligonucleotide probe capable of specifi-
cally binding to genes encoding the heavy chain and light
chain of the monoclonal antibody), and can be then
sequenced.

An antibody gene 1s cloned from hybridomas, and 1s then
incorporated into a suitable vector. The resulting vector 1s
introduced 1nto a host, and a genetically recombinant anti-
body can be produced by genetic recombination technology
and can be then used. Specifically, the cDNA of the variable
region (V region) of an antibody 1s synthesized from the
mRNA of the hybridoma, using reverse transcriptase. If
DNA encoding the V region of the antibody of interest is
obtained, 1t 1s ligated to DNA encoding the constant region
(C region) of a desired antibody, and the thus ligated DNA
1s then incorporated 1nto an expression vector. Alternatively,
DNA encoding the V region of an antibody may be incor-
porated 1nto an expression vector comprising the DNA of the
antibody C region. The DNA is incorporated into an expres-
sion vector, such that 1t can be expressed under the control
of an expression control region such as an enhancer or a
promoter. Subsequently, host cells are transtormed with this
expression vector, so that an antibody can be expressed
therein.

As described above, when an antibody 1s produced by
once 1solating an antibody gene and then introducing the
1solated gene 1nto a suitable host, a combination of a suitable
host and a suitable expression vector can be used. When a
cukaryote 1s used as a host, an animal cell, a plant cell, or a
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tfungal cell can be used. Known animal cells used as host
cells heremn include: (1) mammalian cells, such as CHO,

COS, myeloma, BHK (baby hamster kidney), Hel.a, or
Vero; (2) amphibian cells, such as xenopus oocytes; and (3)
insect cells, such as s19, s121, or Tn5. Known plant cells
used as host cells herein include cells derived from genus
Nicotiana such as Nicotiana tabacum. The cells derived
from genus Nicotiana may be subjected to callus culture.
Known fungal cells used as host cells herein include: yeasts
including genus Saccharomyces such as Saccharomyces
serevisiae; and fllamentous fungi including genus Aspergil-
[us such as Aspergillus niger. When a prokaryote 1s used,
there 1s a production system using bacterial cells. Known
bacterial cells used herein include E. coli and Bacillus
subtilis. An antibody gene of interest 1s introduced into these
cells by transformation, and the transformed cells are cul-
tured 1n vitro, so as to obtain an antibody.

These antibodies may also be low-molecular-weight anti-
bodies such as antibody fragments, modified antibodies, or
the like, so long as 1t does not lose the property of recog-
nizing ASNS protein. Specific examples of an antibody
fragment include Fab, Fab', F(ab")2, Fv, and Diabody. In
order to obtain such an antibody fragment, a gene encoding
the antibody fragment may be constructed, i1t may be then
introduced into an expression vector, and it may be then
expressed 1n suitable host cells, using the expression vector.
As a modified antibody, an antibody that binds to various
types of molecules such as polyethylene glycol (PEG) can
be used.

The antibody, which was expressed and produced as
described above, can be purified by a known method used
for ordinary protein purification. The antibody can be sepa-
rated and purified, for example, by selecting an afhinity
column such as a protein A column, a chromatography
column, a filter, ultrafiltration, salting-out, dialysis, and the
like, and then combining them, as appropriate.

The antibody of the present invention can be used to
measure asparagine synthetase present in a cell. That 1s to
say, according to the present invention, there 1s provided a
method for measuring asparagine synthetase present in a
cell, which comprises a step of allowing the antibody of the
present mnvention to come nto contact with a cell contaiming,

asparagine synthetase. In particular, using the antibody of

the present invention, the number of molecules of aspara-
gine synthetase (ASNS) 1n a single cell can be evaluated. In

the present invention, it 1s possible to measure the amount of

asparagine synthetase that 1s particularly present in leukemia
cells such as lymphoblasts or ovarian cancer cells, and to
cvaluate the sensitivity of leukemia or ovarian cancer to
[-asparaginase, based on the obtained measurement results.
The present invention will be more specifically described
in the following examples. However, these examples are not
intended to limit the scope of the present invention.

EXAMPLES
Example 1
(1) Maternials and Method

(1-1) Preparation of Antigen (N-Terminal ASNS
Displaying BV) and Immunization Method

The cDNA in the N-terminal region of ASNS (which
consists of 2 to 51 amino acid residues and 1s hereinafter
referred to as “N-AS”) was amplified by a PCR method,

using Human Fetal Brain Marathon-Ready ¢cDNA (Clon-
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tech) as a template, and also using S'-AACTGCAGTGTG-
GCATTTGGGCGCTGTTT-3" (SEQ ID NO: 1) and

S'-CCGCCAACCGGTGAAATCCA-3' (SEQ ID NO: 2) as

primers. The amplified cDNA was ligated to a gp64 gene. A
recombinant virus, mto which the N-AS gene had been
introduced, was prepared according to the descriptions of
the above-mentioned Non Patent Literatures 15 and 16.
Seventy-two hours after the infection, the budded virus
(N-AS-BV) was recovered from a S19 culture solution by
centrifugation at 40,000 g for 40 min, and the thus recovered
budded virus was then used as an immunogen. In order to
avold an immune response to gp64, a gp64 transgenic mouse
was used for immunization according to the descriptions of
Non Patent Literature 16. Specifically, 0.1 ug of pertussis
toxin used as an adjuvant was mixed with 70 ug of N-AS-
BV, and the obtained mixture was then administered into the
abdominal cavity of the gp64 transgenic mouse for immu-
nization. As a booster, 70 ug of N-AS-BV that did not
contain an adjuvant was administered to the mouse twice at
an interval of 2 weeks. Three days after the final 1mmuni-
zation, splenic cells were separated, and they were then
fused with mouse myeloma cells NS-1 at a mixing ratio of
1:10 according to a standard method. The fused cells were
cultured 1n a HAT selection medium (0.1 mM hypoxanthine,
0.1 mM aminopterin, and 0.16 mM thymidine) for 7 days.
Eight days after the cell fusion, a culture supernatant of
hybridomas was recovered, and ELISA and Western blotting
were performed on N-AS-BV, so as to select antibody-
producing cells. The ELISA using antigen-expressing BV
was carried out according to the descriptions of Non Patent
Literature 16.

(1-2) Cell Lines and Transfected Cell Lines

K562 cells and MOLT-4 cells were purchased from the
Cell Bank of RIKEN BioResource Center. The K562 cells
were subjected to a suspension culture in an F-12 Nutrient
Mixture (Ham’s F-12) medium (Invitrogen) in 7% CQO.,, at
37° C., whereas the MOLT-4 cells were subjected to a
suspension culture in an RPMI 1640 medium 1n 7% CO., at
37° C., wherein both mediums contain 10% {fetal bovine
serum, penicillin and streptomycin. In order to prepare
HA-tagged human ASNS, human ASNS ¢cDNA was ampli-
fied by a PCR method, using Human Fetal Brain Marathon-
Ready ¢cDNA (Clontech) as a template, and also using
S“GAAGATCTATGTGTGGCATTTGGGCGCTG-3' (SEQ
ID NO: 3) and 5'-GAAGATCTCTAAGCTTTGACAGCT-
GACTTG-3' (SEQ ID NO: 4) as primers. The amplified
cDNA was ligated to a pEF-BOS-HA vector [Non Patent
Literature 17]. The expression construct was transiected into
COS7 cells (ATCC), using Lipolectamine (registered trade-
mark) 2000 reagent (Invitrogen) in accordance with the
manufacturer’s instructions.

(1-3) Western Blotting,

The cells were recovered and were then dissolved 1n a
RIPA bufler (150 mM NaCl, 1% NP-40, 0.1% SDS, 50 mM
Tris-HC1 (pH 7.9), and 0.5% sodium deoxycholate). The
protein contained in the cell lysate was separated by 12%
polyacrylamide gel electrophoresis, and was then transierred
on a nitrocellulose membrane (GE healthcare). Non-specific
binding to the transter membrane was blocked with Block-
Ace (Damippon Pharmaceutical Co., Ltd.), and a primary
antibody was then allowed to react therewith. The resulting
transfer membrane was washed with TBS-T (0.05% Tween
20/10 mM Tris-buflered saline), and 1t was then allowed to
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react with a 10,000-fold diluted horseradish peroxidase
(HRP)-conjugated goat anti-mouse antibody (Jackson
ImmunoResearch Laboratories). Thereafter, a protein was
detected using SuperSignal West Dura Extended Duration
Substrate (Thermo). For detection of a gp64 fusion protein,
the gp64 protein-specific antibody K7124 [Non Patent Lit-

erature 16], which we had produced by immunization of
wild-type baculovirus, was used. Control IgG (3423,

2AHB12) was purchased from Institute of Immunology,
Co., Ltd. (Tokyo, Japan).

(1-4) Immunotluorescent Staining

HA-ASNS-transfected COS’7 cells were cultured on a
cover glass. Thereafter, the cells were immobilized with 4%
paralormaldehyde/phosphate-buffered saline (PBS), and
were then subjected to a membrane permeation treatment
using 0.1% Triton X-100/PBS. After the cells had been
blocked with BlockAce, the cells were allowed to react with
a mixed solution of an anti-HA polyclonal antibody and an
ASNS monoclonal antibody Z5801 or Z5808 (10 ug/ml
cach), used as a primary antibody, and the resulting cells
were then washed with PBS. Subsequently, the cells were
allowed to react with a mixed solution of Alexa (registered
trademark) fluor 488-labeled anti-rabbit IgG (Invitrogen)
and Alexa (registered trademark) fluor 647-labeled anti-
mouse IgG (Invitrogen) (each 200-fold diluted). The result-
ing cover glass was mounted on a slide glass, using ProL.ong
(registered trademark) Gold antifade reagent with DAPI
(Invitrogen). The i1mage was taken using a fluorescence
microscope (LEICA DB LB, Leica Microsystems).

(1-5) Flow Cytometry

The immobilization treatment and the membrane perme-
ation treatment of the cells were carried out using IntraStain,
Fixation and Permeabilization Kit for Flow Cytometry
(Dako) 1n accordance with the manufacturer’s instructions.
A primary antibody, together with a membrane permeation
treatment reagent, was added to the cells to a concentration
of 3 ug/ml. The resulting cells were washed with a dilution
bufler (1% BSA/0.1 mM EDTA/PBS), and were then
allowed to react with R-Phycoerythrin (R-PE)-labeled anti-
mouse IgG (Jackson ImmunoResearch Laboratories) that
had been 100 times diluted with a dilution builer. Finally, the
cells were washed with a dilution buffer twice, and were
then analyzed with a flow cytometer (GUAVA (registered
trademark) EasyCyte™ Plus System, Millipore).

(1-6) Enzyme-Linked Immunosorbent Assay

1x107 cells were subjected to a membrane permeation
treatment with 0.1 ml of 0.2% Saponin/protease inhibitor
cocktail (Complete (registered trademark), Roche)/saline for
15 min at room temperature. Thereafter, a cell-crushed
matter was removed by centrifugation at 20,000xg for 10
min. The obtained supernatant was used as a cell extract.

The monoclonal antibody Z3801 was diluted to a con-
centration of 4 ug/ml with a saline, and 1t was then solid-
phased on a polystyrene 96-well plate (Greiner). After
blocking with BlockAce/saline, the cell extract, which had
been 20 to 160 times diluted, as appropriate, with a reaction
solution (0.1% Saponin/50% BlockAce/saline), was added
to each well, and the obtained mixture was then reacted at
room temperature for 2 hours. Subsequently, the plate used
in the reaction was washed with a washing solution (0.05%
Tween 20/saline) five times. A biotinylated monoclonal

10

15

20

25

30

35

40

45

50

55

60

65

12

antibody 75808 was diluted to a concentration of 1 pg/ml
with the reaction solution, and the thus diluted antibody was

used as a detection antibody. Biotinylation was carried out
using EZ-Link (registered trademark) Sulfo-NHS-LC-Bio-
tin (Thermo) 1n accordance with the manufacturer’s instruc-
tions. Finally, the reaction plate was washed, Streptavidin-
PolyHRP40 (Stereospecific Detection Technologies) was
then 2000 times diluted with the reaction solution, and the
resultant was then added to each well. In an enzymatic
reaction, TMB Soluble Reagent (Scy'lek Laboratories) was
used for detection. The enzymatic reaction was terminated
using TMB Stop Bufler (Scylek Laboratories), and the
absorbance at 450 nm was then measured using a microplate

reader (Biotrak II, GE Healthcare).

(2) Results

(2-1) Production of Anti-ASNS Monoclonal
Antibody

The expression of a fusion protein of N-AS and virus
op64 was confirmed by Western blotting using the anti-gp64
monoclonal antibody K7124. This antibody recognized the
64-kDa bands of both of N-AS-BV and wild-type BV (FIG.
1A), and also recognized approximately 70 kDa that was an
N-AS fusion gp64 protein (FIG. 1A, upper panel, arrow). In
order to produce an anti-ASNS monoclonal antibody, a gp64
transgenic mouse was immunized with the budded virus
(N-AS-BV), and thereafter, the splenic cells of the mouse
were fTused with mouse myeloma cells NS-1. Eight days
aiter the cell fusion, a culture supernatant of the hybridomas
was selected by Western blotting performed on BV-ELISA
and N-AS-BV. Finally, two positive clones 75801 and
75808, which specifically reacted with N-AS-BV 1n both of
ELISA and Western blotting, were obtained (FIG. 1B). The
subclasses of these antibodies were 1dentified to be IgG2a
and kappa, using Mouse Typer (registered trademark) Sub-
Isotyping kit (BIO-RAD).

A hybridoma cell that produces the monoclonal antibody
75801 (which 1s referred to as “Z5801” for i1dentification)
was deposited with the National Institute of Technology and

Evaluation (NITE), Patent Microorganisms Depositary
(NPMD) (2-5-8, Kazusa Kamatari, Kisarazu-shi, Chiba-ken,

Japan, postal code: 292-0818), under Accession No. NITE
P-1141 on Sep. 7, 2011. Thereafter, this strain was trans-
terred to an international deposition under the provisions of
the Budapest Treaty on Aug. 23, 2012, and received Acces-
sion No. NITE BP-1141.

A hybridoma cell that produces the monoclonal antibody
/5808 (which 1s referred to as “Z5808” for identification)
was deposited with the National Institute of Technology and
Evaluation (NITE), Patent Microorganisms Depositary
(NPMD) (2-3-8, Kazusa Kamatari, Kisarazu-shi, Chiba-ken,
Japan, postal code: 292-0818), under Accession No. NITE
P-1142 on Sep. 7, 2011. Thereafter, this strain was trans-
ferred to an international deposition under the provisions of
the Budapest Treaty on Aug. 23, 2012, and received Acces-
sion No. NITE BP-1142.

(2-2) Specificity of Anti-ASNS Antibody

The reaction specificity of these monoclonal antibodies to
tull-length ASNS was confirmed using HA-ASNS-overex-
pressing COS7 cells. In Western blotting using a lysate of
the aforementioned cells, these monoclonal antibodies rec-
ognized a band with a molecular weight of 64 kDa of the
HA-ASNS cDNA-transfected cells, 1n the same manner as
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the anti-HA antibody did (FIG. 1C). Moreover, Z3808 also
recognized ASNS endogenously present in K562 cells (FIG.
1D). In immunofluorescent staining, these monoclonal anti-

bodies recognized HA-ASNS-expressing cells, in the same
manner as the anti-HA antibody did (FIG. 2).

(2-3) Application of Anti-ASNS Antibody to Flow
Cytometry

In order to confirm whether or not these anti-ASNS
antibodies can be used for flow cytometry, HA-ASNS-
overexpressing COS’7/ cells were subjected to an 1mmobili-
zation treatment and a membrane permeation treatment,
using a Dako Intrastain kit. Thereatfter, the resulting cells
were stained with the anti-HA monoclonal antibody, or with
the monoclonal antibody Z5801 or Z5808. As a result, the
ant1-ASNS monoclonal antibodies 75801 and Z5808
showed a specific histogram shift, as with the anti-HA
antibody (FIG. 3A). Subsequently, whether or not these
antibodies recognize endogenous ASNS 1n flow cytometry
was confirmed using the leukemia cell lines K562 and
MOLT-4. It had been reported that the expression level of
ASNS 1s high 1n the cell line K362 and 1s extremely low 1n
the cell line MOLT4 [Non Patent Literature 17]. As a result,
both of the monoclonal antibodies specifically recognized
K562 cells and showed a histogram shiit (FIG. 3B). In flow
cytometry, the reactivity of Z5808 was higher than the
reactivity of Z3801.

(2-4) Quantification of the Amount of ASNS
Protein by Flow Cytometry

A quantification method using tlow cytometry was carried
out using QIFIKIT (registered trademark) (Dako) 1n accor-
dance with the manufacturer’s instructions. First, the titer of
/5808 acting as a primary antibody mm K362 cells was
measured, and the concentration of saturated solution was
determined to be 3 ug/ml (data not shown). Using calibration
beads of QIFIKIT (registered trademark), the monoclonal
antibody binding ability of a cell was obtaimned based on
mean fluorescence intensity (MFI) at the aforementioned
concentration. Six types of calibration beads were stained
with an R-PE-labeled anti-mouse IgG antibody, as in the
case of the cells (FIG. 4A). In this experiment, since the
calibration beads F exceeded the measurement limit, the
calibration beads B, C, D and E were plotted on a log-log
scale (FIG. 4B). A calibration curve was prepared by a
least-square method, and using the thus prepared calibration
curve, antibody binding capacity (ABC), which indicates
antibody binding ability, was obtained based on the MFI
value of the sample. In order to quantity the amount of an
ASNS protein 1 K562 cells and MOLT4 cells, the MFI
value was estimated at a Z3808 or control IgG concentration
of 3 ug/ml, and 1t was then corrected with control I1gG The
cells were analyzed using a tlow cytometer, and ABC was
then calculated according to the formula of the calibration

curve (FIG. 4B). If 1t were assumed that the molecular
weight of ASNS 1n a single cell would be equal to ABC, the
tollowing equation could be held:

ASNS molecules per cell=ABC(Z5808)-ABC(con-
trol Ig(s)

The estimated number of ASNS molecules per cell was
5800 1n the case of a K562 cell, and was 80 1n the case of

a MOLT-4 cell (Table 1).

10

15

20

25

30

35

40

45

50

55

60

65

14
TABLE 1

Number of ASNS molecules expressed in K562 cells and MOILT-4 cells

MFI ABC ASNS
(arbitrary units) (units/cell) (molecules/
Z3808 Control IgG  Z53808 Control I1gG cell)
MOLT-4 3.60 3.17 707 631 76
K562 43.62 4.56 6631 R74 5757

(2-5) Construction of ASNS Measurement ELISA

Upon construction of ASNS quantification ELISA, the
ant1-ASNS monoclonal antibody 75801 was used as a
capture antibody, and biotinylated Z5808 was used as a
detection antibody. In order to amplily measurement sensi-
tivity, Streptavidin-PolyHRP40 was used as a detection
enzyme. Using this measurement system, ASNS could be
detected 1n a K562 cell extract, but 1t could not be detected
in a MOLT-4 cell extract (FIG. 4C). If the number of ASNS
molecules 1n a K562 cell were estimated to be 5800 mol-
ecules/cell by flow cytometry, any given ASNS concentra-
tion would be 960 fmol/ml, when the 10’ cells are extracted
with 1 ml of extraction bufler. The extract was diluted at any
given ASNS concentration ranging from 38 fmol/ml to 6

tmol/ml, and a calibration curve was prepared (FIG. 4D).
The detection limit of this measurement system was deter-
mined to be absorbance 450 nm (A450)=0.23 (mean+3SD),
based on a dilution series of MOLT-4 cell extract that was
ASNS-negative. The calibration curve was prepared as an
exponential function according to a least-square method

(FIG. 4D). The detection limit of the ASNS concentration
was calculated to be 11.3 fmol/ml.

(3) Consideration

The mmportance of determining the amount of an ASNS
protein 1n a leukemia cell for prediction of the therapeutic
cllects of ASNase has been reported [Non Patent Literatures
12 and 13]. The mechanism of ASNase resistance has not yet
been elucidated. The phenomena of ASNase resistance are
related to some patients with an increased ASNS expression
level. However, that 1s not for all cases, and 1t depends on
cach patient [Non Patent Literatures 19 and 20]. In the
present example, an ant1-ASNS monoclonal antibody, which
can be applied not only to flow cytometry and ELISA, but
also to Western blotting and immunotluorescent staining,
was produced. There have been several reports regarding the
use of an anti-ASNS antibody [Non Patent Literatures 7, 8,
and 12], but there have been no reports regarding the
ant1-ASNS monoclonal antibody that can be used 1n tlow
cytometry. Flow cytometry for quantification of ASNS
would be usetul for a clinical diagnosis for predicting the
effects of ASNase. In addition, 1t was also confirmed that
sandwich ELISA could be constructed using the two anti-
bodies. Colonmetric ELISA 1s a simple and easy measure-
ment system, and construction of colorimetric ELISA for
quantification of ASNS would also be usetul for clinical
diagnoses. There are two advantages for using a baculovirus
protein display system for production of a monoclonal
antibody. The first advantage is that a process of purilying a
protein, which 1s hardly obtained in an amount suflicient for
immunization, can be omitted, and that it 1s very easy to
prepare an antigen called an “antigen-displaying baculovi-
rus.” The second advantage 1s that, since baculovirus itself
has a strong adjuvant eflect, a igh-aflinity antibody capable
of recognizing a natural protein can be obtained. In contrast,
a great disadvantage of this technique 1s the strong 1mmu-
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nogenicity of the virus. In order to overcome this disadvan-
tage, a mouse, into which a gp64 gene as a coat protein gene
of the viruses had been mtroduced, was produced. This gp64
gene transgenic mouse has immunologic tolerance to gp64,
and 1t has extremely low reactivity with viruses [Non Patent
Literature 16]. According to the monoclonal antibody of the
present invention, it becomes possible to elucidate the
relationship between the amount of an ASNS protein and
ASNase resistance, which can construct a novel measure-
ment system for quantifying the amount of an ASNS protein
by tlow cytometry or ELISA. There 1s a novel finding
regarding ASNase resistant leukemia. Mesenchymal cells in
the bone marrow release a large amount of asparagine and
make a defense niche for leukemia cells. Thus, asparagine

supplied from other cells protects leukemia cells from a
treatment with ASNase and causes them to survive. In
several cases of children who had undergone this drug
therapy, leukemia recurred. This phenomenon might be
caused by leukemia cells, which were resistant to ASNase 1n
the defense niche of the bone marrow and survived. The
expression level of ASNS 1n mesenchymal cells suggests the
ASNase resistance of leukemia cells 1n the bone marrow
[Non Patent Literatures 21 and 22]. Hence, i order to
predict sensitivity to ASNase, it 1s important to histologi-
cally quantify ASNS in mesenchymal cells. The anti-ASNS
monoclonal antibody of the present mnvention 1s usetful for
clucidating the defense mechanism of mesenchymal cells for
leukemia cells.

Example 2
(1) Materials and Method

The bone marrow fluid or peripheral blood of patients
with leukemia was used. The cell lines MOLT-4 and K362,
the ASNS activity of each of which had been known, were
used as a negative control and a positive control, respec-
tively, and an MT'T assay was carried out. The cell line was
cultured in an RPMI1640 medium containing 10% fetal
bovine serum, and the cells at the logarithmic growth phase
were adjusted to be a cell density of 3 to 10x10°/ml, and
were then used. In several cases, the MTT assay was carried
out to determine the presence or absence of L-ASNase
resistance and sensitivity.

(1-1) Flow Cytometry (FCM)

An immobilization treatment and a membrane permeation
treatment were performed on cells using IntraStain, Fixation
and Permeabilization Kit for Flow Cytometry (Dako) 1n
accordance with the manufacturer’s instructions. The used
monoclonal antibody Z5808 1s a culture supernatant of
hybridomas having Accession No.: NITE BP-1142, and 1t
has a kappa chain and belongs to the IgiG2a class. A primary
antibody, as well as a membrane permeation treatment
reagent, was added to the cells to a concentration of 10
ug/ml. The resulting cells were washed with a dilution bufler
(1% BSA/0.1 mM EDTA/PBS), and thereafter, PE-labeled
Goat anti-mouse 1gG antibody (DAKOQO) (a secondary anti-
body) was added to the cells to a concentration of 10 ug/ml,
so that they were reacted. Finally, the cells were washed with
a dilution bufler twice, and were then analyzed with a tlow
cytometer (MoFlo (reglstered trademark) XDP IntelliSort 11
System, BECKMAN COULTER).

(1-2) Confirmation of Sensitivity to ASNase; MTT
Assay

In the case of clinical test samples, mononuclear cells are
separated from bone marrow or peripheral blood containing
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leukemia cells or malignant tumor cells, or from a cell
suspension, according to a gradient centrifugation method
using Ficoll-Paque (Sigma). After completion of the sepa-
ration of mononuclear cells, i1t 1s confirmed that the cells
account for 80% or more of the mononuclear cells, and that
the cell survival rate 1s 95% or more. In the case of MOLT-4
and K562, the cells at the logarithmic growth phase were
adjusted to be a cell density of 3 to 10x10°/ml, and were then
used. Using a 96-well plate (Falcon), mononuclear cells
were cultured 1n a culture medium that did not contained any
drug or contained sernially diluted ASNase (RPMI1640 con-
taining 10% fetal bovine serum) 1n 5% CO, at 37° C. for 4
days. The final concentration of ASNase was set to be 0.008
to 5.00 U/ml [Yamada, S., et al., Clinical relevance of 1n
vitro chemoresistance i childhood acute myeloid leukemia.
Leukemia, 2001. 15(12): p. 1892-7]. The number of mono-
nuclear cells per well (100 ul of culture solutlon) was set to
be 3x10° in the case of ALL, and 1x10° in the case of AML.
According to 4-day-culture methyl -thiazol-tetrazolium
(MTT) assay, the cell-killing rate in an ASNase-added well
was calculated, using a no drug-added well as a control.
Based on a dose response curve, the concentration of
ASNase showing a cell-killing rate of 50% (LD30asp) was
obtained [Okada, S., et al., In vitro eflicacy of 1-asparagi-

nase in childhood acute myelcud leukaemia. Br J Haematol,
2003. 123(5): p. 802-9].

(1-3) Immunocytochemistry (ICC)

The cells were subjected to a semi-quantitative analysis
according to an immunostaining method [Kitoh, T., et al.,
Asparagine Synthetase Protein Expression in Leukemia
Cells: Application of L-Asparaginase Treatment for Leuke-
mia. Blood, 1998. 92(Suppl. 1): p. 400a], using the previ-
ously reported another antibody (10 pg/ml), anti-human
ASNS antibody (monoclonal antibody 3G hybridoma cul-
ture supernatant; mouse IgiG2a kappa 30 ug/ml) [Sheng, S.,
et al., High-level expression of human asparagine synthetase
and production of monoclonal antibodies for enzyme puri-
fication. Protein Expr Purit, 1992. 3(4): p. 337-46]. There-
after, 1t was confirmed that the obtained results were
matched with the results of FCM. Specifically, an unstained
smear was 1immobilized with ethanol, and was then blocked
with endogenous peroxidase. After that, the smear was
incubated with a culture supernatant of 3G6 hybridomas
used as a primary antibody at 37° C. for 16 minutes. As a
secondary antibody, an avidin-biotin-peroxidase-labeled
anti-IgG antibody was used. For staining, DAB Detection
Kit (Ventana Medical Systems) was used, and an automatic
immunohistochemistry system (EX-IHC, Ventana Medical
Systems, Tucson, Ariz.) was employed. Color was devel-
oped with 3,3-diaminobenzidine and was then visualized
[Irno, T., et al., Establishment of real-time polymerase chain
reaction method for quantitative analysis of asparagine

synthetase expression. J Mol Diagn, 2004. 6(3): p. 217-24].

(2) Results

(2-1)

As previously reported, the measurement of the enzy-
matic activity of ASNS and estimation of the number of
ASNS molecules per cell by the ELISA method had been
carried out 1n the Erythroleukemia-derived cell line K562 (in
which ASNS 1s expressed at a high level) and in the
T-ALL-derived cell line MOLI-4 (in which ASNS 1is

expressed at a low level). As shown 1n Table 1, the ratio 1s
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considered to be approximately 90-75:1. In the tlow cytom-
ctry method using the monoclonal antibody Z3808 (FI1G. 1),
when the mean fluorescence intensity (MFI) was evaluated
based on AMFI obtained by subtracting the mean value of a

negative control (M1 MFI) from the total MFI (ALL MFI),
the AMFI value was found to be 441.33 1n K562, and 0.02
in MOLT-4. Thus, a good correlation was found between the
MFTI value and each ASNS enzymatic activity. With regard
to sensitivity to L-ASNase, 1t was highly resistant in K562
(>>1 U/ml) and highly sensitive in MOLT-4 (<0.1 U/ml).

10
TABLE 2
ASNS
Enzymatic ID30 ASNase
activity (U/ml) A MFI ASNS ICC 5
K562 558 = 56.2 >3 441.33 (+++)
MOLT-4 184 = 3.5 <0.1 0.02 (-)
A summary of studies cases 1s shown in Table 3 below.
TABLE 3
Test blast FAB
Case Sex Age sample percentage Classification AMEFI
Case 1 F 3 yr. bone 34.5%  AML M7 12.34
MAarrow
fluid
Case 2 F 8 days peripheral 24.5%  TAM M7 8.38
blood
Case 3 M 1 yr. peripheral 20%  ALL L1 7.55
3 mon. blood
Case 3’ M 1 yr. bone 98%  ALL L1 7.65
3 mOon. marrow
fluid
Case 4 79 yr. pernpheral 42%  AML Ml 11.65
blood
Case 3 80 yr. peripheral 95%  AML M2 322.9
blood
Case 6 M 6 yr. bone 95%  ALL L1 3.54
MAarrow
fluid
Case 7 F 14 yr. bone 98%  ALL L1 0.14
MAarrow
fluid
(2-2) Results i the Case of Peripheral Blood
45

The results of the flow cytometry of Case 1 with a blast
percentage of 34.5% are shown in FIG. 6. Blasts were
specified by performing gating on a scatter distribution, and
the ASNS protein 1n the cytoplasm could be quantified.

Almost the same results were obtained from Case 2 and
Case 3 (FIG. 7 and FIG. 8). In Case 3, when the results of
bone marrow blood were compared with the results of
peripheral blood, 11 20% or more of blasts were contained
therein, there could be obtained almost the same results as
those of FCM pertformed on cell lines or bone marrow blood
containing 90% or more of blasts.

AML cases: In Case 4 that was M1 1n the FAB classification,

ASNS was expressed at a low level. In Case 5 that was

M2 1n the FAB classification, ASNS was expressed at a

high level (FIG. 9). In this case, an MTT assay was also

carried out.

Also, the ALL2 case, on which the MT'T assay was carried
out, 1s shown 1n FIG. 10. In both cases, ASNS was expressed
at a low level.

The results of the MT'T assay performed on the cell lines
of three cases are shown 1n FIG. 11. In Case 5 (AML M2)
(which 1s indicated as “AML-5" i FIG. 11), the cells
showed resistance equivalent to that of 1(562 cells (highly
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expressing ASNS and resistant to L-ASNase). In two ALL
cases (Case 6 and Case 7; which are indicated as “ALL-6”
and “ALL-7” m FIG. 11), the cells showed sensitivity

equivalent to that of MOLT-4 that 1s a T-ALL cell line. A
summary of the relationship between ASNS expression and

sensitivity to L-ASNase 1s shown i Table 4. It 1s apparent
that there 1s a relationship 1n which as the expression level
increases, sensitivity to L-ASNase attenuates. In contrast, 1t
1s anticipated that a case with a low expression of ASNS
would be more sensitive to L-ASNase.

TABLE 4
A MFI )50 ASNase (U/ml)
K562 441.33 >5.0
AML-5 322.9 5
ALL-6 8.53 <0.01
ALL-7 0.14 <0.01
MOLT-4 0.20 <0.01
ASNS
ICC
(=)
(=)
(=)
(=)
()
(++)
(=)
(=)
(3) Consideration

Flow cytometry (FCM) was carried out using the mono-
clonal antibody Z3808, and the expression of asparagine
synthetase (ASNS) 1 tumor cells was detected with tluo-

rescence. The A MFI value (=the MFI of Z5808-the MFI of
1sotype control) in FCM reflected the amount of an ASNS
protein, and a majority of ALL cases and AML cases were

classified into leukemia associated with a low amount of
ASNS protein. Some AML cases were classified into leu-
kemia associated with a high amount of ASNS protein. As
a result of the studies regarding sensitivity to L-asparaginase
according to the MT'T assay, the ID50 of the AML case

associated with a high amount of ASNS protein was >3

U/ml, showing L-asparaginase resistance, and the ID50 of
the two ALL cases associated with a low amount of ASNS
protein was <0.01 U/ml (sensitivity). The measurement of
the amount of the ASNS protein by FCM was considered to
give useful mformation for predicting sensitivity to L-as-
paraginase.
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SEQUENCE LISTING

<lo0> NUMBER OF SEQ 1D NOS: 4
<210>
<211>
<212 >
<213 >
<220>
<223 >

SEQ ID NO 1

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 1

aactgcagtg tggcatttgg gcgctgttt

<210>
<211>
«212>
<213>
«220>
<223 >

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 2

ccgccaaccg gtgaaatcca

<210>
<211>
«212>
<213>
«220>
<223>

SEQ ID NO 3

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 3

gaagatctat gtgtggcatt tgggcgctyg

<210>
<211>
«212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 4

gaagatctct aagctttgac agctgacttg

The invention claimed 1s:

1. A monoclonal antibody which 1s produced by a
hybridoma having Accession No. NITE BP-1141 or Acces-
sion No. NITE BP-1142.

2. A hybridoma having Accession No. NITE BP-1141 or
Accession No. NITE BP-1142.

3. A reagent for measuring asparagine synthetase present
in a cell, which comprises the monoclonal antibody accord-
ing to claim 1.

4. A method for measuring asparagine synthetase present
in a cell, which comprises allowing the monoclonal antibody
according to claim 1 to come 1into contact with a cell
containing asparagine synthetase.

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:
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Synthetic

29

Synthetic

20

Synthetic

29

Synthetic

30

5. The method according to claim 4, which measures
asparagine synthetase present i a leukemia cell or an
ovarian cancer cell.

6. A method for evaluating the sensitivity of leukemia or
ovarian cancer to L-asparaginase, which comprises measur-
ing asparagine synthetase by the method according to claim
4 and then evaluating the sensitivity of leukemia or ovarian

cancer to L-asparaginase based on the measurement results.

7. A method for evaluating the sensitivity of leukemia or
ovarian cancer to L-asparaginase, which comprises measur-
ing asparagine synthetase by the method according to claim
5 and then evaluating the sensitivity of leukemia or ovarian
cancer to L-asparaginase based on the measurement results.
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